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1. fiSf/H- SA1IAH(£S)_1S 2.SXI0j|£|^gCH£K<y : P££> h 
^2101121, #8!A|2|^e||)^§S 3Sg> 31 gSAHH[ 

SSS^iaoil §S5f^ AiH_1# 
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¥ A}-g-*H ^ ^Kl^ s)£L(side peak)2H3-|- 

wl^Cbeating)^ 0.5.^ o>^^ ^Mt^n., #*!^HH ^>^1-B 

^H^l 3711- ^i^THs]!- t£^-X|7l;£S- t}^ ^Jro] 

£ &H&SL3.1?-&\ ^1<EH1 ^Aljrofl cfl^H 

^ ^4^n>^ s.^ Aj-ojjEi sl 3( side peak) sj-^Shg- -§^H f^^^lS 

^H7]^ ^E^^; ^ #7} ^ej^iLS. aVAfsl ^ S-^ a>o]^ 2) 

a wl^ (beating) ^Jlt ^#*Kr #^^#^r^* X^- 

5. 3 

^-€e| ( ^^js)-^-, A>ol= 3i}H(side peak), *1 ^ (beating)^ 
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#^ Clock Extraction Apparatus and Method of 

Optical Signal} 

£ l^r ^efl^ NRZ 40Gbps 3te]3LSl ^^H^lt}. 

£ 2(a)fe ^efl^ #^ ^H^, £ 2(b)fe £ 2(a)^ ^ 

E|o] S-^^-^olzL, £ 2(c)^ ^7) ^-4 # ^-^H^^IH, ^ 2(d) 

£ 4^ ^ ^ofl a>-§-^ ^>t§ ^e^ tiVA> ^o]cf. 

£ 6^- ^ ^°)| 3-g-«*fl tt|-S|- 40GHz A}Jr ZLSfl^ojcf . 

£ 8(a)^r £ ^°fl #^5.2] 7fl^, £ 8(b)*f £ 8(a)3 

-£ 9tt ^ofl <q*fl tr ^ ^ ^\3.7} #a]Jl i^B^o]rf. 

34-5 



1020030034790 #^ <£t)-: 2003/6/14 

300 : % ^^l#^7l 310 : ^f-B] 

320 : #<>H#3HB 330,370 : II 4°1^-^ 

340 : vl^m %*£k\ 350 : % M §^7l 

360 : ASE 800 : 4^1 # 

810 : W#7l 820 : 

<18> % ^ljro} #5^# ^ ^«<HH1 ^ 3-^*1 Ji4 ^Ml^Tflir, 

4^ # €3# ^ 4# ^ ^ ^>°1= ^£l(side peak) ^ 

^(beating)^ <£*<m ^#*>al, ^4li£HH 3. 
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&<&t&4\ wl^l] S^-ol ^ aI^o] rc)-^ *\}o}t\7} o.s 4^ 

*HS-3$1 ^#^£r fl^*7]^-H(PLL: phase locked loop) <>l-g-tr 3 

PLL a}-§-*>^ ^olrf. ne^ ^-#tr <>1^ HH^i # 

^lr°l °H 10 Gbps» 40 Gbps ^^Jl ^ 

41 Si^r. °leitr ^ ^M-^MMfe PLL ^ ^7l^>l- ^o] n)l 

3§-*)-^ol «^,g. ^ H ylJH^ ^711 Al^7> ^1^51 Jl ^Cf. 

tr ^H^Cself-pulsating)^, #^^1 (opt ical loop mirror)!- °l-§-^Rr 

o] <a^£l Jl ^0.14, ^#*>7l ^tr i^f ^-g-nf ^J-SJ-af Al^Efl 

2=1^41 <£3*1 o>^^o) ^ ^.q-o) U j-^ ^J:^ # 
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m.^ a}o]j= 43(side peak) ^#44 4^(beating)4?l nl~§-, o]^. i£ cfo] 

3#*K2 #4 ^4^M1 444tt tfl 4 4 44 (band-pass filter)* 4^ 
^44tt ?H4. 43£r ^4^7]- rfsjr 7j-#4 4 (coherence) 4 ¥ #4£-§- 

44^ *HH 4*fl ^ 4-&4 ^4^r 44 ^4^r-£- (beating)^: ^4 

^ 4# 4-§-*r 344. 



£ l£r 442:44 ^ 7>4 \I4 ^ol^L 5^ NRZ(non return to zero) 44 
•£244 4*4^ 40Gbps 44 31 4 4 ^S 3 jt £44 444. ir°cM] €• 444 
°1-$.£(LD)4 ^444(100)4 45L(peak)7> 4^r°-5. 4*11 A 34 a>o]h. 

fc(sideband)(110,120)7> ^4 ^ &£ 4 , Jf-4 #7] wfl = (no, 120) 

^ 44 ^444(100)44 #4 ^4^4 40GHz (0.32nm ^£) <g44 ^4 ^- 

7)14 ^-4 44-B 4a(side peak) (130 ,140)71- &4. !-§} ^4^r4 444-cr 4^4Jl 
1- 4r»4 444 44 ^444 ^ 44 £ 43(130,140) # 44* ^#4-4 4^44 
4 €4. 

4» 444 4*34:£ ^4^(20)* ^-44 ^Hfl4 444 #3 ^#447} £ 
2(a)4 £444 &4. #44 444 #4 ^#4^44^ ^44:4 4*4 44J:7l- 
44 #^-4 (200)44 4-8- 44 (210)44 t-s £-444 44^ 444" 4 

°14 ^S(2a)7l- £]al 4^^1 §>uf^ ^S.(2b)7> 4*14. g- 7 ]Q Jp: Hl^Al^ ^ 

44(20)5. 434 ^4^ ^4 (220)1- 4444 #4444 ^-4 44 4H7> 
«44. £ 2(b)^ 4-4 4€44 7>-fAioV( gaussian ) 
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t§44 j= s.^ ^oIji, £ 2 (c)^ f^li7} 44 7>^-a]oV #3^(220)1 -^444 
44 ^4^0^ , £ 2 (d)*r 4^4 if-4 a>o)= s] 3 (270) 7]- cfl^ ^4 ^ ^ 

4 #^(260) 44M# 4 ^ 4 ^ #4JJl4 4 i«!]HlM4. 4 #4 

44£r ^4 ^4 ^Md4 71-i-oi^l ^ofl 4444 nfl-g-ofl go] 4.^7). 5]o] S. 

4 A>4j= 31)3^- 4*4 3.71 7> 44. ^#4 444 ^o] U]^^- <^0.7l^ 

A J1 37]7> 4444 nfl^l ^#71(230)5. 44 tb^i °H ^4fe 1 

^€ 4^ 1h#(ASE: amplified spontaneous emission)'^: ^fl^sr>7] 444 ASE €4 

(240)1- A}-g-^ ^£ ojcf. 44 4^4^ 44 .$..E.(250)4 *| 4 #4 4 ^444 

4 ^4^4 444441 4*1 #4-°^. ^444. 

<25> o] 444 °.^4 4^ J=4^ 4€44 s-4 44H ojrf. £ 2(dHH <2 <r 
Sl^-4, «4^4 ^4 A>oli= 43.(270)4 ^444(280) ^ o>u)4 zi A>44 

4*14 4€- 44 4^(290)#je 44 ^ t4€- 43I&4 ^#44 4^4 4-44-Tfl 
sIhs £i 44^.^(250)44 4#4^r 44 4^4^ ^4^ 4^ 44 4^ 4 
^ 4£-£ #4 ^444 &4. 444 4i>44 444441- 44 444 #4^ 44 
4 444 4-§-444^ 4-f 1:4444. 



<26> atb, 41- 444 4*fl ^-4 44^ 4a4 #4 44-8: 44^r4 4^4 4 
44s 44 ^#44 44* 4*11 fJ"4fe- 4^-4^, 444 4^ ^4-§-4 4€-4. ^, 
" 44 £4 44^ 4 4^7> ^444 ^ 4^44 4434 
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^ % -H^3*l to ^ 3:3 £sH 4^ H.e|HH*>7ll Slfec-ll ol^jo. ^ 

^€ ^1^1 *>fe A<yo) ^cf. ^ % s£B\o\]*] 

(coherence lengthH ofl-f ^1 -fr^tr 7KH^°ll ^*fl -f-^l^r 

NRZ ^IJLS-Jf^ ^#*r^r ^^-S, Brend Franz ^ » 

Optical signal processing for very high speed(>40 Gbit/s) ETDM binary NRZ clock 
recovery", Optical Fiber Communication Conference, Vol., No. OFC2001, pp 
MG1-1-MG1-3, 200H Jl^(>40Gbit/s)^ NRZ ^ AliefloflA-1 x\7}^<£ ^.s.^^7} 

US20020009159A1, "Optical Receiver"^^ f^J^o]l^ ^]tr NRZ t-Ho]E-l5.^-Bl 

^I*}^*}, j}^ <*^-# #o] ^ai 7]7 ^ 7 flAls]a1 o^cf. ^ 

-S-tr ^#^>J1 °1 #3 h]^ Ai^l- ^^tr^f. ^i-r, 

££r 3^ ^« o. ^^s] 14 ^#5} ^^9] <£^o) ^SLILS. 91^ 

* ^^§>7l <H3-f^, %*\3L$) ^7]2]^ 3.7]} ^?M7}^ 7)7%S\o] & 

*1 £4. 

^ ^ A>ol^ 31) a« ^iS wl^tr 3717]- 7^ a)cfl*V 
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<29> -g- ^£5. 2^ ^ ^TjHH til^ofl A}o]E. 51] 3 ^1 

41 ^ ^3L°fl tfl*M £-3*Rr W^^; ^7} ^ll^SS *1 

4a(side peak) ^X]ofl av 7 } -^^^-o.^ «U}a1 ?1 ^ Me^^; ^ ^7] 

%^^<L?L *Va}£ #^34^- ^ s.^ s]h til ^(beating) 

<31> ^7l^, #1} ^##*l*r, ^"71 ^^^i^^^AS-^Ei -# 7 ) #£-E)^<2;°.5. 

1" ^ 5^, ^7l ^ A>ol= 2] 3 4*<H1 S.^ 

<32> ^-7] ^Ei^^cf^ ^ «U}cfl*i ^ «- tiVA}^^^- 7>*M, #7} A ^>tfl 

t^o] sj.^- ^ w.o_ ti>A>Al7l^, ti>^^*Ml^ ^71 ^ «>A>cfl^^- oj-g-^ A> 
= 3) EL S^-g- ^M^lJL, ^71 JjL «U>cfl3-§- Ol-g-^ ^^Sf^-i; a_VA>Al 7lJl, Jf- 
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iqa s}-#3 H7i7> o.s ^<a*V7ii ^ ^ 5£th 

<33> S *V ) ^-71 #7] ^Alcj-O.^. ^-AlS^l tfl*H, #71 %4\$.S] & 

^4^s^Ei #3 °>^§- «g<H*l ^ a>o]s. s]a 4# ^3-3 H7l« 

TT #^#*r#£ 3=W 4 s &4. ^ *W*\*Wfi=, #7l ^#^ ( #71 ^JcfO £ 
3^ t A Jlt ^SSKrCfl Al-g-51^ #713 t-fl ol Ei Al^ofl #713 Al^l- ^*l^r 

^ #7l ^"^^1 ^l7l^ ^JL* ^2:*H #7l S.^ A>ol= 5r) 3 



<34> je^ #7) ^-$r ^r^}7] ^ofl rcfs ^#«<^£-, 

3^51 ^f- 7fl^ ^JLS. &Bl«Hr #£^#7)1; #71 £-5^ ^l^Sl« #7l afll^ 
peak) sj-#* f^H ^>*fe ^ #7) «U}£ ^1^^^ ^ 

<35> ^7l^ f ^71 #*JjL ^##^£-, #71 ^E^cjTlHl^ ^#£H # 

71 ^ll^-Al^^ ^#5p3- ^ S.^ A>ol^ 311 3- 4#^T ^^171^ #^^#^711* ^7> 
S ^ M-°>7> #71 AV%^3L$\ ^#^-# ^ ^1 3 i^Vofl 
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<36> H^r, #7l ^E^^l^, ^ #A>cfl^ ^ JjL ^>A>tfl^ofl^ Zj-Zj- S}!^ ^ ^ 

^3. 4#-§- ^M^lJL, #71 ^- tiVAj-cfl^^ °l-g-*H ^Bj-^ tiVA>Al7l^, s-^j aJ. 
71 ^ H>A}tfl<*}^ 35:^ «H * #71 ^JS)-^ 371 #7l A>o]^. s)a 

4^ H7l7> ^3 ^^U) ^ ^ ^Cf. 

<37> 2L^, #71 #^Jl #^ i^g^o., Aj-71 ^Al^A-1, #7l ^Al^-ofl Aj- 7 1 

^-Ajsoll cfl*H , #71 %^3L2) f^!4^^Ei ^^Hr ^ tgol^l S.^ AH 

S 3X]3 -4# 3.711- ^^11- ^7>S if-t" ^ &t]-. U-l^- «>^*»fl 

TT, #71 ^Al^lA-1, #71 ^AJCKO^ Q^ig %AjJr^ ^S^^dl Af-g-Sl^ ^71^ cfl 

Al^ofl ^71 ^ ^^^1; ^ #71 ^7l^ #A] 

IS #71 S.^ Al-ol^ 2]3 S|-#-g- ^-^3:^711* ^7>^ 



<38> ol^> f -g- ti>^^- ^AHl^ ^Jf^V ^-S^H £ iL4 #^1 

^1-711 Aj^rf. 



^3 #3 ^# 71^ if*> ^^1 ^Ajt^ 7fl^£0lcf. £ 3^ gBfl-g. £ 

a^ ( i 3^- %2:*>^ 40Gbps, NRZ ^a^-I- s-^ Aj^ 

ZWS. H 3*11 ^-ol, ^a]^o]1 # ^^1^71(300)^11 
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& ^ * 2x2 #?H-e.i(310HH n*]^ #^ ^# 7§3.g. 

(330HH 4^ sl^-ofl <^£t}. ^71 ^#ofl # 

^ ^> i^H^I* 7>^1 Sj-q-^ #^Ei(340HH f^spS- g 1 & 
# *i<H*! ^ ^37} #a}sM cfA] ^-71 2x2 W#a|(310)* «>cfl "o 1 " 

tg=o.s. ^zrH ^ ^71(350)6)1^ £f£-, *ll7i«- ^tr ASE €Ei(360) 

1- cfol^.S.(370)<^>H Aiss. 

(jitter) IfSjo] £1-^3., ^^7} #^o]ji ^cfl^io] 

°fl-?- ^ cfl^aHi^-t- -aiS o] A]jri=. ^SL*}^ #7} 

°H1 Cfl^H ■& #2fl7l^* ^1^0.5. ^£fl 7l#oflA^ ^4 i 

71 A}o)j=. BlH* ^B]ol ^4 ^ofl ^Cf. Ol ^ o. J=JZ]. 

0.32nm ^5. #^3} ^4 ^ ^ofl ^) o_S ^ dB7> # 

* a'M^- ^3.4 «l*tb 3717V 4gti. ZLEiu)-, Jgjitr 

A M = f^sW *H°fl €^fl*Rr i^lB^ ^f£- ^4^- ^-ifl^ol 
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&4 £^"44 91<LH.3- t|| 444.71* ^-«fl ^#4 #4£r 444 444 4-g-44 

<42> OH Hl«fl f ^oflA^ S. 4 6\] ^44 44 ^ tiUJ- JLAj H>Af^ 

4€4« 4-§-*H, A >°1^- ^afe ^ #4-3l4(400)# 4-§-*H4 #4.44:11 ^44 
o. a. ,au}cfl<*i(4io)# 01 -§-44 #444^-5. 44^r 44 ^ 434 ^444 

4¥44 4 £"4 44 ^#4tt 4* 3.711 #<U ^ &4. t£*h ^ ^ 

444(400) ^ 4:44^(410)4 44*. 4-g-44 <£2fl 44Jro] f^4# £ 

S.4 Afol£ 3X]a.4 H7l7> 4 3. 4tc44 § ^£ &4. 
<43> o]S|^. §1-144 ^B^H f44444 4}^ A}o)B. 43* ^4°fl ^#4^ 

^4h.s, 444 ^- 4£~a- ^#4^ ?H 4«fl #44 4r4°14 

(drift), -f-4 1H544 &^4. 

<44> E 3°1]44 2x2 41-4(310)4 3H4 ^s. 44 5£S 44-2-^.(330) 444 4 4 
4#3HH(320) : b 4 4 4 4*34tt 44JL7} <yjf 4^ #444 #4 

4tb 444 t^fe 4# ^444 4tb 444. 

<45> £5b^ 4-§-44 ^#4 ¥ 44^-4 4^4^4 4 41- 514 4 40.5. 

4, £ 34 ^44 ^#4 ^4444 ^-4 44^ 43.4 i^jB^t 44 Mi 444. 
£ 51- 4^44 , 44 £ 2(dH4 £44 #Hfl4 7l#s. ^#4 4- ^4b44 4«fl 
€iL&^ 4^-°l 37i] #4^ 4^- 4 ^ &4. £ 6^r ^- ^4 4 44^14 44 *8 
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^€ 40GHz t 3 -j^l2S^ , 5. 5 o] cfl^ 0^47) (band-pass filter)* 7^ ^ 

^ ^€ 40GHz M ^1311- SAl^j- ^Jolcf. 



(S71), #*]^-7l(300HH ^V 7 i ^AlJH- ^#tl:Cf(S72). ojnfl. #7] ^^1(S72)^ «f 
^*!*MUr *£SL& o^, ^-t] (310HH ^7] #<0;§:o11 ufl^H 31 

olEi ^ -1r# ^-elW(S73). ^ tflojEi 3^5] 

^-f, ^^^(874), c-UcjEi ^s^H t-HolEiS 4^^^(S75). nelJl, # 

3 ^#ofl ol-g-s]^ ^-Al^ £ 4^ ^ tiUJ-^EB^ ^ a>A|.^ 

% A>ols. sqaCside peak) 4^-8: -§^H1 ^>^cf(S76). #7l «>a}<£ #>gs|-# ^ 
3 A>o]= 31] 3 4^ ^ ^"i- ^l7l^J7(S77), oj^. ^Ei Wl^^lS* ^#*V 

^ , ^^^4 (band-pass filtering)^ ^#*rt}(S78,S79) . 

#7fl(S76)<>lH Aj-7] -^-Aljr^ ^A]^ ^ ^-^ Al-Oj^ 3X\3_ s^kg- Z}-z}- ^ 

f-&°l ^"71 ^4^- ^ *>°1^ Sr^* ^#*H ^rW. SEtr, #7j ^ 
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<48> £ ^^loflAi ASES o}^ A> 

ol= 2) AlJLtfl (OSNR) ^7]^7} *fltb £1^ ^is}7] 

^41 #3HH #7] a}o]t= 3^0] ^Iscfl ^-S-ul(0SNR)» f^*}fe y o V 

£ 8(a) -cr Q*):^*! #7]x!J\ #£3^ ^ojcf. £ gofl 

X\Q tif^. ^ol ( ^a]^-(800)^ ^1^(820) a>o]c>i]^ ^ 80km n>rf ^3L 7 )( 810 )7} 

# ASE ^-§-°l i|H^H ^s]^ ^jrofl 3L^-£l7fl ^nf. o}<% Qo) %^ 7 ]^ 7^ 
ip^sl^ ASE JE 8(bHl £^2]^ ^M^- ^1 ^#71(810) 

olH lHi=l*r ¥3€ ASE ^-§-(830,840)^ JSL^H <£ ^ oi ^o] ; f^4#(870) 
<>ll al*H^1fe- °H-t- ^l^r ^ 3. (850, 860 H] tfl*lH^ JfX|^ ^ 37 j 7}- 

#71 f-y2)-#(870) ^ A>olc 2)3. (850, 860)3} ti]^A]jr^ ^ ^(jitter) -^^|- 

^Al^-oflA|-f-^| M-^ A\o}jE. ^3.(900) ^JL ^A]^-oflA^ £ 

3^ #^ ^# ^ a>o]= f^4^f #3 

°l-§-W". ^ ^la 4^(900) ^f3r -f ^SMI S}^, ASE°fl 

°l*ll Aji^ ^wl(0SNR)7> *]£}£] ^ <^^-a- #<H ^ &tJ| 5]££, n n>3. ^ 

(900)# ^171*1- ^ cflolE-1 4^^- ^ ^4. 
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^7>^ ^£3] M"E]-^4. £. 10^1 W>c4 ^-o], ^-^S7lofl <g^5)fe ^71 

^o] z\)o)&\ a]JK105)^1 ^a] ^7l^<y 4]Jl(106)» cf^-, H.e} 

olJd(l02;modulator drive)* -f-*fl #^2:71(101)3. t^2t ^r^^S.^ cfl 

^nyo^ t^Sf 5}^ H^*?! «o Vl ?H «l*fl ^ *HH *l3 # 

°fl ^7^# jit)- ^ ^cf. w>^^7fl^, #^ ^1J1(106) 



^tr ^JES.^, «c v ^* M-Ej-tfl ^71 #^ £ 

14 ^ #^B^°IH syq-<q s-^g A >oi= si] 3(130 sl^ 140)# cf^-, ^ 

CM A>o]JE Sl37} ^Sfl5] ^Al^ofl ^j-^ A}o]t= 21 3 ^^-Ol ^M. 

€ f A j2t #^*Kf ^Al£o]rf. a) 7 }6\) A}-g-£ ^Bl(1030)^ ^ A>ol= 51)3 # 
*Kr(130 MO) 1 ?} ^M^Tll &t±, 

^-7ltr ^Mltb ^ * Si^l 7flAl^ tfl-g-^ yj-^-i- *H^Hr ^01 c>q^ ( 
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^#*>tt €*Rir ¥ AVo]^ 3giL&^ 3}^ ^cfl 

$ ^xi^s.^ <?>^€ ^ sa^. 

A>ol= 5t)H(side peak) ^Aijr-g. uy^-o] ^^tii^ T^l- HTfl 
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i] 

s. tgc^^i s.^ a>o1= 3Z)a(side peak) #7l ^^^ilS 7] ±=. 

(beating) 4JJL-I- 3#«H ^#*>^ #^#^cM- i^>^ ^ ^3-2-3. 
2J 

Z\EL 4^ #^1 ^lxr ^7}S 3^- -IHJJ15L %AJ^^ 
3] 

*)1 1^" BE^r *fl 2^1 

-SM f^^HS- 2] a. €fc-1*3*Rr ^-S-^eI 
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4] 

A 1%H 91°]*], ^7} %^B\^^£r, 

^ "A ^ ^1-^-1- 7>*H, ^7] 4 tiVA>cfl^ofl^ ^-S] ^ aJ«.°- 

5 J 
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